Abstract. The paper presents the results of studies of protective coatings for graphite moulds, which were used in copper casting process. The following coatings were involved: Mo, NiAl, NiCrAl, Cr 3 C 2 -NiCr, WC-CrC-Ni. All tested coatings were applied on the graphite substrate by plasma spraying method. The microstructure was investigated by optical microscopy (OM) and scanning electron microscopy (SEM). The microhardness of coatings was measured by Vickers method. The wettability of coatings by liquid copper was evaluated. It was found that NiAl and NiCrAl coatings had the highest limiting wetting angle and consequently the lowest wettability among all the examined coatings. It was also found that chemical composition strongly influenced the coating properties.
Introduction
Graphite moulds are commonly used in the foundry industry due to their high thermal conductivity, satisfactory strength at high temperatures and low thermal expansion [1] . However, during casting process, the surface of mould suffers some degradation. Consequently, moulds must often be replaced, which generates production downtime. A solution to this problem can be the deposition of an appropriate coating onto the mould surface. The presence of coating will prolong the performance life of moulds with an obvious benefit, which is more efficient casting process [2] . PVD (Physical Vapour Deposition), CVD (Chemical Vapour Deposition) and plasma sprayed coatings are widely used in many branches of the industry and some of them, especially carbon coatings, have suitable properties for application in foundry industry [3] [4] . Due to low process cost and lack of restrictions on the size of moulds related to the size of the reaction chamber, plasma sprayed coatings were selected for the experiment. The coatings are best known for their high corrosion, abrasion and thermal shock resistance. The coatings are very porous, but despite this, plasma spraying is an extremely effective process, used in automotive, aerospace and electronics industry [4] .
Conditions of experiment
Five types of coatings, whose chemical compositions are presented in Table 1 , were investigated. All coatings were deposited onto the graphite substrate by plasma spraying method at the Rzeszów University of Technology using a Cham Pro-Thermal Spray Systems manufactured by Sulzer Company (Fig. 1) . The process can be implemented using five plasma gases: argon, hydrogen, helium, nitrogen and oxygen, whose type and flow change during the process. The most important process parameters are compared in Table 2 . Table 2 . Plasma spray process parameters
The microstructure of all coatings was examined by Olympus GX51 optical microscope and Hitachii SU-70 electron scanning microscope. Samples for the light microscopy were mechanically polished using Struers equipment and technique. They were ground, then polished with diamond pastes and OPS suspension. The level of coating microhardness was measured with PMT3 tester under a load of 50 G. The porosity/density of materials was examined with a "Structura" software. Measurements of the limiting wetting angle of coatings by liquid copper were made by the sessile drop method using Ziehm Exposcop 8000 (X-ray unit).
Result and Discussion
The results of coating microstructure examinations by light microscopy are presented in Figure 1 . Every coating has the thickness of about 20 µm. Discontinuities in the form of pores are visible between the grains inside coatings. Strong adhesion of coating to the substrate was observed. Figure 2 shows the scanning electron micrographs. The microstructure of all the coatings is non-homogeneous and consists of elongated grains, pores, cracks and retained particles, which have not fully melted down in the flame. Pores visible in the micrographs in the form of black spots are located mainly at the grain boundaries. These defects are typical drawbacks of plasma sprayed coatings. The presence of cracks is closely related with large differences between the coefficient of thermal expansion of the substrate and coating, the stacking of oxides and pores, and the occurrence of residual tensile stresses. The results of microhardness measurements taken on coatings under a load of 50 G are presented in Figure 4 . Variations in the level of microhardness are shown as a function of the chemical composition. The highest level of microhardness was observed in WC-CrC-Ni coating, the lowest in NiAl coating.
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In Figure 5 variations in the level of porosity are presented as a function of the chemical composition. Total porosity is the sum of all voids such as delaminations, small pores, large and small vertical cracks. The highest level of porosity is observed in NiCrAl coating, the lowest in Cr 3 C 2 NiCr coating. Studies [5] have demonstrated that it is possible to change microhardness and porosity by the selection of appropriate process conditions. The microhardness and density of coatings were observed to increase with argon volume increasing and helium volume decreasing during the process. The type of charge powder can also influence the coating properties, including the coating compactability. It was found that nanometric charge powder contributes to the lowest porosity of coatings [6] . The evaluation of wettability by liquid copper (Fig. 6) shows that NiAl and NiCrAl coatings demonstrate the lack of wettability. In other cases the liquid metal is readily spreading over the coating surface. The limiting wetting angles for coatings are respectively: Mo-34°, NiAl -134°, NiCrAl -124°, Cr 3 C 2 -NiCr -0°, WC-CrC-Ni-0°. For graphite, which was used as a mould material, the limiting wetting angle is 149 degrees. 
Summary
The performed studies indicate that all coatings have similar microstructure, typical of the thermal spraying method, especially as regards the presence of the elongated grains inside the coating.
The main goal of the studies was to evaluate the coating wettability by liquid metal. The investigation has proved that the highest limiting wetting angle had NiAl and NiCrAl coatings,
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